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Interaction-free measurements introduced by Elitzur and Vaidman [Found. Phys. 23, 987 (1993)]
allow finding infinitely fragile objects without destroying them. Paradoxical features of these and
related measurements are discussed. The resolution of the paradoxes in the framework of the Many-
Worlds Interpretation is proposed.
I. INTRODUCTION
The interaction-free measurements proposed by
Elitzur and Vaidman [1,2] (EV IFM) led to numerous
investigations and several experiments have been per-
formed [3–17]. Interaction-free measurements are very
paradoxical. Usually it is claimed that quantum mea-
surements, in contrast to classical measurements, invari-
ably cause a disturbance of the system. The IFM is an
example of the opposite: this is a quantum measurement
which does not lead to any disturbance, while its classical
counterpart invariably does.
There are many ways to understand the interaction-
free nature of the EV IFM. A detailed analysis of var-
ious interpretations appears elsewhere [18,19]. In this
paper I will concentrate on the paradoxical aspects of
interaction-free measurements. In Section II, I describe
the IFM of Renninger [20] and Dicke [21]: changing the
quantum state of a system without interaction. In Sec-
tion III the original proposal of Elitzur and Vaidman is
presented and the basic paradox of the EV IFM is dis-
cussed: a particular interaction leads to an explosion,
nevertheless, it can be used for obtaining information
without the explosion. Section IV is devoted to another
paradoxical feature of the EV IFM: obtaining informa-
tion about a region in space without anything coming in,
out, or through this place. It also includes a brief analysis
of the “delayed choice experiment” proposed by Wheeler
[22] which helps to define the context in which the above
claims, that the measurements are interaction-free, are
legitimate. Section V is devoted to the variation of the
EV IFM proposed by Penrose [23] which, instead of test-
ing for the presence of an object in a particular place,
tests a certain property of the object in an interaction-
free way. Section VI introduces the EV IFM procedure
for a quantum object being in a superposition of different
locations. It works equally well: it collapses the spatial
quantum state of the object to a particular place without
any disturbance of its internal state. However, the sec-
ond paradoxical feature of the EV IFM, i.e. the fact that
nothing has been in the vicinity of the object the pres-
ence of which was discovered, has a subtle constraint.
This point is explained in Section VII via the analysis
of Hardy’s paradox [24]. I conclude the paper in Section
VIII by arguing that the paradoxes of IFM disappear in
the framework of the many-worlds interpretation.
I want to mention a naive paradox which I have heard
several times and which I do not discuss in this paper
(I discussed it elsewhere [18]). Finding the position of
a particle in an interaction free way means, in partic-
ular, (according to these arguments) finding it without
changing its momentum. Thus, a high precision experi-
ment of this kind performed on a particle with bounded
momentum uncertainty leads to breaking the Heisenberg
uncertainty relation. This type of arguments appear to
be due to the misleading identification of the EV IFM
with an experiment without momentum (energy) trans-
fer [25–27].
II. THE IFM OF RENNINGER AND DICKE:
NEGATIVE RESULTS EXPERIMENT
The paradox of the Renninger-Dicke type measure-
ment is that it causes some changes in the state of the sys-
tem “without interaction.” Renninger discussed a nega-
tive result experiment: a situation in which the detec-
tor does not detect anything. In spite of the fact that
nothing happened to the detector, there is a change in
the measured system. He considered a spherical wave of
a photon after it extended beyond the radius at which
a scintillation detector was located in part of the solid
angle, see Fig. 1. The state of the detector remained
unchanged but, nevertheless, the wave-function of the
photon is modified. The name “interaction-free” for Ren-
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